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Motivation for HELD R&D

« Sensitive PM measurement techniques are needed
to study cleaner vehicles

 Real-time PM measurement techniques are needed
to investigate transients

% |n situ PM measurement techniques are needed to
characterize engine-out/aftertreatment-in conditions
for design optimization and life-cycle simulations



IELD techniques for PM measurements

- Laser-induced incandescence (L11) for inorganic
carbon (soot) volume fraction and primary particle size

- Elastic light scattering (ELS) for total volume fraction

- LIl + ELS for aggregate size, number, and structure

- Laser-induced desorption (LID) + ELS (LIDELYS)
for volatile volume fraction

- Laser-induced breakdown spectroscopy (LIBS) for
metallic ash (species and concentration)




LIl for volume fraction f,,

 High-energy laser pulse heats PM to sublimation temperature of carbon

* Black-body radiation is proportional to soot volume fraction
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Correlation of LII and gravimetric methods

Measurements for the AVL 8-mode steady-state ssimulation of
US EPA heavy-duty transient test procedure
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Continuous exhaust sampling

& glm .rm-_.,'___ 1/
' 1.9L TDI diesel engine
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Speed-transient measurements of f,
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EGR-transient measurements of f,

Particle Volume Fraction (a.u.)
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Exhaust-port optical cell for in situ measurements

1994 GM Quad-4 PFI engine
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Simulated cold-start transient, f =1.24

Soot Volume Fraction by LIl (a.u.)
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Snap-throttle transient, f =1.0, OV

Soot Volume Fraction by LIl (a.u.)
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LIl for primary particle diameter d and number n
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L1l measurements of d and n for carbon black

LIl test site at carbon black plant
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Normalized specific surface area (NSSA)
determined by L1 isclosely correlated with
conventional statistical thickness surface area

(STSA).



LIl + ELSfor aggregate size D and number N

If le s L V2= ND®
|, L V=nd3=ND3

where N =# primary particles
d = primary particle diameter
N = # aggregates

D = equivalent-sphere aggregate diameter

3

f /D3=N



LIl + ELSImagesof D and N for diesel combustion
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RDG/PFA for aggregate structure

Raylelgh-Debye-Gans polydisperse fractal aggregate theory
(EL S with 3-angle detection)

N,. geometric mean of number of primary particles per
aggregate (assumed log-normal distribution)

S ya geometric standard deviation of number of primary
particles per aggregate

D; fractal dimension (irregularity of shape)

S aggregate surface area per unit volume

R, radius of gyration of an aggregate



RDG/PFA for R,,,, R, and D,

Al O, aggregates produced in alaminar counterflow

nonpremixed methane flame
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L aser-induced desorption (LID) + ELS (LIDELS)

Double-pulse laser with 150 ns interval

The ratio of ELS measurements before and after LID of volatile
matter gives the solid fraction (SOL) in real-time
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L aser-induced breakdown spectroscopy (LIBS)

- Laser-induced spark causes atomic emissions from metallic e ements
- Line position provides species identification
- Line intensity provides species concentration C

50 I | [ | I | | I |
—B
—~ 40+ Na
n
"é‘ —Si
> Ca
2 30 Fe
© K
=
5 |
S
8 20 <
=)
)
c
9 10 — | | —
’ »M? |
) i | At
fact Il ] “I." .'L 1 IL :t [Nsaed ‘ﬂ"lll" L I' ’!“'9-' sl v | ‘A'

O N e V0 e S e B e S e V. i e e
100 200 300 400 500 600 700 800 900 1000
Wavelength (nanometer)

LIBS calibration spectra



LIBS measurements for C

LI1BS measurements of calcium in the exhaust of a stationary,
natural-gas-fueled Sl engine provide a measure of oil consumption

700 |
ca* CN

600 - -
500 |- ]

Ca* /
400 | .

300 - -

200 - \WMJLﬁxhﬁj .

100 - .

Intensity (arbitrary units)

o L 1 1 l 1
390 395 400 405 410 415 420

Wavelength (nanometers)
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m Technology Transfer @

CIDI team at GMR R&D is
Interested in both the L11
and LIDELS techniques.

We are building a portable,
stand-alone system to take to
their facilities for demonstra-
tion and evaluation.

System reguirements:
Tap into exhaust line
Tap into vent line
110 v power

Target date: Fall, 2002 2 x4 cart



General Motors R& D Center @
CIDI Vehicle Emissions L aborator
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Particulate Matter Collaboratory web page
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Pulsed laser beam
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In an LIl experiment, a pulsed laser beam is used to rapidly heat pariculates so that they radiate light as they
cool. The incandescence signal is collected to determine the valume fraction of soot and the primary particle
size. Laser-induced incandescence is a powerful optical diagnostic forthe study of particulate matter in vehicle
exhaust. It can be applied in any emironment as the exhaust gas travels from the combustion chamber to the -
atmosphere; neither coaling nor dilution are reguired

MRC's prototype LIl instrument was brought to the CRF for evaluation in April, 2001, The effects of exhaust gas
recirculation (EGR) on PM emissions were measured for a 1,90 furba direct injection (TDl) diesel engine. &
scanning maohility padicle sizer (SMPE) was also used to abtain patticle size distributions
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ﬂ‘,ﬁ,ﬂ Commercialization @

Collaborating to

develop, evaluate,

and commercialize

LIl systemsfor online
monitoring of exhaust PM
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,f‘d,rm,,, m",,',,' | mplementation — open exhaust @

The Sandia Combustion Research Facility is providing facilities and support for
testing and evaluating the commercial product, in addition to advice on design and
development. The engine shown is a 1996 Volkswagen 1.9L TDI diesel.

The LIl instrument is located on a shelf under a

ventilation hood. For the application shown, the
measurements are obtained in the open exhaust
after the muffler. We also have the capability to
use an inline optical cell for in situ measurements,
enabling us, for example, to measure soot
concentrations entering and exiting a DPF (diesel
particulate filter).




ﬂgﬂ |mplementation —in line @
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Summary - Status of HEL D techniques

® Commercia LIl instruments already exist for volume fraction and
primary particle size

® LIl + ELSfor aggregate size and number has been demonstrated in
|aboratory flames and in-cylinder for diesel engines

® RDG/PFA has been demonstrated only in laboratory flames

® | IDELS has been demonstrated on diesal exhaust, but need validation
of VOF measurement and calibration for TPM

® |IBS has been demonstrated for a natural -gas-fueled stationary engine
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